The World Health Organization (WHO) has developed guidelines for in vivo antimalarial drug efficacy testing for Plasmodium falciparum and Plasmodium vivax in areas with low-to-moderate transmission, such as the Americas. These guidelines are used widely by ministries of health and national malaria control programs to assess the efficacy of their first-line and second-line drugs for the treatment of malaria and to provide the information necessary to update national malaria treatment policies. Following the WHO guidelines, we have conducted in vivo efficacy trials with a variety of drugs and drug combinations against P. falciparum and P. vivax at 13 sites in Peru, Bolivia, and Ecuador. Based on these experiences, we have identified several modifications that we believe should be made in the WHO recommendations to make them more suitable to the relatively low levels of P. falciparum transmission in the Americas and to the logistic challenges of carrying out such studies in sparsely populated areas, such as the Amazon Basin. These include changes in inclusion and exclusion criteria, in enrollment and follow-up procedures, and in the measurement of study outcomes.
INTRODUCTION
In 1996, the World Health Organization (WHO) published updated recommendations for in vivo antimalarial drug efficacy testing of uncomplicated Plasmodium falciparum malaria for areas with intense transmission. 1 These guidelines were based on experiences gained over the previous decade in Africa with a variety of different approaches to in vivo drug efficacy testing, which made comparison between results of different studies difficult. [2] [3] [4] [5] Since 1996, the WHO standardized guidelines have been applied broadly across sub-Saharan Africa by ministries of health and individual investigators to document the efficacy of first-line and second-line drugs for the treatment of uncomplicated P. falciparum malaria. The guidelines have played a crucial role in helping national malaria control programs modify their national malaria treatment policies 6, 7 and have proved to be highly suitable to the epidemiology of malaria in the region. In 1998, these guidelines were revised for areas with low-to-moderate transmission in the Americas. 8 Currently, recommendations for Plasmodium vivax in vivo drug efficacy testing are being developed by the WHO and the Pan American Health Organization (PAHO) (P. Ringwald, R. Gusmão, personal communication).
Field experience with the P. falciparum and P. vivax updated guidelines is more limited in the Americas, but increasing numbers of ministries of health are beginning to follow the WHO/PAHO recommendations in designing their drug evaluations. Over 4 years, we have carried out in vivo drug efficacy testing for P. falciparum and P. vivax at multiple sites in Peru, Bolivia, and Ecuador using the WHO/PAHO standardized protocols. As experience was gained during the course of these studies, we assessed several possible modifications in the guidelines. This article describes our experiences and presents suggestions for changes in the current recommendations for in vivo antimalarial drug efficacy testing to make them more suitable to the epidemiology of malaria in the Americas and to the logistic challenges of working in areas such as the Amazon Basin.
BACKGROUND
The standardized guidelines for in vivo antimalarial drug efficacy testing developed by WHO/PAHO are intended primarily for use by ministries of health, national malaria control programs, and investigators involved in applied field research on antimalarial drug resistance. Studies using these guidelines typically are carried out whenever a question arises about the efficacy of the first-line or second-line drugs in a given region or country or if a change in regional or national treatment policy is made and the Ministry of Health wants to monitor the efficacy of the new drugs. The emphasis on the use of standardized methods is to ensure that data collected at 1 site in a country can be compared directly with results from another site or another country. Because many of the institutions using these protocols have only limited staff and resources and because the sustainability of a drug efficacy monitoring system is crucial, an effort has been made to simplify and streamline the guidelines and reduce study costs whenever possible.
The guidelines are intended for outpatient treatment of subjects with uncomplicated malaria and were developed initially for the testing of chloroquine against P. falciparum malaria. Since then, their use has been extended to several other drugs, and more recently the guidelines have been modified for testing the efficacy of drugs against P. vivax.
Briefly the methods recommended by WHO/PAHO are as follows: Patients attending outpatient clinics of hospitals or health centers with a history of fever or suspected malaria have a screening thick blood smear. If the smear shows a pure infection with the species of Plasmodium being studied and a parasite density within the standardized enrollment criteria, the patient's informed consent is requested. Patients who agree to take part in the study have a second thick blood smear taken to confirm their infection and recalculate the parasite density. After a brief medical history and physical examination, patients are treated under observation with a standard dose of the drug being tested, based on the patient's weight. All drugs being evaluated should come from reliable, quality-controlled sources. Subjects are asked to return daily until all treatment doses of the drug or drug combination have been administered and then on days 3, 7, and 14 (and days 21 and 28 for 28-day trials). On each of the return visits, the patient is questioned about symptoms and adverse drug reactions and has his or her temperature and a repeat blood smear taken.
METHODS
Between March 1998 and October 2001, in vivo drug efficacy trials were conducted at 13 sites in Peru, Bolivia, and Ecuador ( Table 1) . We followed the standardized guidelines of WHO/PAHO for in vivo efficacy testing 1, 8 with the following modifications.
Inclusion and exclusion criteria modification:
1. To increase the number of subjects eligible for study, especially in P. falciparum trials, the highest acceptable enrollment parasite density of 5,000 parasites/l recommended in the PAHO guidelines for P. falciparum studies in the Americas was raised to 50,000 parasites/l. In all trials, patient safety is a primary concern, and the physician-in-charge, who is on site throughout the course of the study, was instructed that even patients with lower parasite densities should be excluded, if they had signs or symptoms of severe malaria or could not tolerate oral medication. 2. To reduce losses to follow-up and avoid the difficulty of having to trace subjects great distances to their homes, the WHO/PAHO recommendations suggest enrolling subjects who have "easy access" to the health facility where the study is being done. We believe this guideline is too vague and generally have excluded from enrollment any patient who lives more than 30-45 minutes by road or river from a study site. 3. At sites in which the drug being evaluated was not part of the currently recommended national treatment policy for P. falciparum, a urine pregnancy test was conducted on all women of childbearing age, rather than accepting the patient's history that she was not pregnant as the WHO/ PAHO guidelines suggest for studies involving current first-line or second-line drugs. Pregnancy testing was not conducted on women enrolled in studies of chloroquine for the treatment of P. vivax because chloroquine is the rec-ommended drug for P. vivax infections in pregnant women.
Change in enrollment procedures:
1. In Peru, Bolivia, and Ecuador, it is routine practice to take a thick blood smear for malaria from all febrile patients attending Ministry of Health facilities. As a result, the initial screening of potential subjects could be simplified, and only persons who had a positive blood smear for the parasite species being studied were considered for enrollment. This initial blood smear was reexamined by the study staff, and the parasite density was calculated. If the quality of the initial blood smear was not considered adequate, a repeat blood smear was taken before the patient was enrolled. 2. When evaluating drugs that were expected to have a moderate-to-high rate of parasitologic failures (e.g., chloroquine for the treatment of P. falciparum in the Amazon Basin), we used the lot quality assurance sampling technique recommended in the WHO/PAHO protocol for the Americas to determine the sample size. 9 This method allows the identification of areas in which the prevalence of drug resistance is above a predetermined critical level with much smaller sample sizes (and at a much lower cost) than would be required using more traditional methods for determining the rate of treatment success or failure within narrow confidence limits. In contrast, when evaluating drugs as monotherapy or combination therapy in which <5% parasitologic failures were expected (e.g., mefloquine or sulfadoxine-pyrimethamine plus artesunate for P. falciparum or chloroquine for P. vivax), we calculated the sample size based on standard approaches to estimating a population proportion with a specified precision and used a power of 80% to obtain a more precise measurement of the prevalence of treatment failures. 10
Changes in follow-up procedures:
1. In areas where it was expected that parasite strains would be partially or highly resistant to the drug or drug combination being studied, a 14-day trial was conducted to simplify follow-up and to reduce study costs. When the drug or drug combination being evaluated was expected to be highly efficacious, follow-up was extended to 28 days to detect less resistant strains. 2. Because the goal of therapy of the national malaria control programs of Peru, Bolivia, and Ecuador is a parasitologic rather than a clinical cure (as is the case in most African countries), all subjects who had a recurrence of parasitemia between days 4 and 28 were treated with an alternative drug and were dropped from further follow-up, whether or not they were febrile. 3. Blood smears were taken from all subjects on day 2 and day 3, instead of day 3 alone, to allow calculation of RIII resistance levels, as recommended by the 1973 WHO in vivo drug efficacy protocol. 11 The current WHO/PAHO guidelines for the Americas require a day 2 blood smear only if the patient has signs or symptoms of severe malaria or shows clinical deterioration. 4. Because many of the microscopists involved in our trials had had only limited experience counting parasites or calculating parasite densities, training was conducted before the trial began, and frequent supervisory visits were made to each site by a more experienced microscopist to ensure the accuracy of the parasite densities. Instead of requiring that a second microscopist reexamine only a sample of the blood smears taken during the trial as a quality control measure, as recommended in the WHO/PAHO guidelines for the Americas, all blood smears were reexamined and recounted by a second, more experienced microscopist. If there was a difference in species diagnosis, or if the parasite density differed by Ն50%, between the two, a third microscopist would re-examine the smears for a final species diagnosis. The final parasite density was the mean of the counts of the 2 initial microscopists or, if the parasite density differed by >50% between them, an average of the 2 closest counts. A minimum of 200 oil immersion fields were examined before a blood smear was considered negative. 5. Because patients are followed for 14 or 28 days, a negative blood smear on a subject with subpatent parasitemia on one visit should become positive by the time of his or her next visit. To reduce the workload on microscopists, the number of parasites per 200 white blood cells was counted to determine parasite density, unless <10 parasites were seen, in which case counting was continued until 500 white blood cells had been observed. Gametocytes were counted per 500 white blood cells. The WHO/PAHO protocol for the Americas recommends that the number of parasites per 500 white blood cells be counted for all blood smears.
Outcome measures modifications:
1. To allow a direct comparison with the results of earlier in vivo trials reported from the Americas, we measured the outcomes of trials in terms of the traditional parasitologic outcomes of sensitive and RI to RIII resistance levels 11 and by the newer classification system recommended by WHO/PAHO (early treatment failure, late treatment failure, and adequate clinical response). 1, 8 Parasitologic outcome measures also were thought to be more suitable than those based on clinical findings for trials in the Americas because patients were treated and dropped from the trial as soon as they had a recurrence of parasitemia, regardless of whether it was associated with fever or other symptoms or signs of malaria. 2. Because of the widely dispersed populations in many of the areas where studies were being conducted and the difficulty in obtaining follow-up on exactly those days specified by the WHO/PAHO guidelines, we took a more flexible approach and accepted data from follow-up visits for day 7 and day 14 ± 1 day (i.e., days 6, 7, and 8 and days 13, 14, and 15) and for day 21 and day 28 ± 2 days.
RESULTS AND DISCUSSION
A variety of factors make in vivo antimalarial drug efficacy testing in the Americas a challenge, including the relatively low levels of malaria transmission; the inability to predict malaria incidence from year to year even in the same site; the short transmission season; and, in the Amazon Basin, the widely dispersed and highly mobile population with the great distances subjects may have to travel for follow-up. The low levels of malaria transmission in most countries in the Americas increase the logistic difficulty of in vivo drug efficacy trials, especially for P. falciparum. Even in the Amazon Basin, which traditionally has reported the highest incidence of malaria in the Americas, the intensity of transmission of P. falciparum and P. vivax has decreased. In Peru, the total number of malaria cases reported for Loreto Region, which makes up most of the Peruvian Amazon, has decreased from 102,153 cases in 1996 to 29,838 in 2000, and the number of P. falciparum cases decreased from 34,020 to 7,661. 12 P. falciparum now makes up just 25% of all reported malaria cases from the Peruvian Amazon region.
These low levels of transmission greatly increase the difficulty of identifying subjects who meet the enrollment criteria. Table 2 shows the mean number of febrile patients who had to be screened for each subject enrolled, which ranged from 18.7 to 52.6 (mean 29.3) for the in vivo trials carried out in Peru during 2000-2001. The duration of the enrollment period in these studies was Ն12 weeks in nearly all cases. In comparison, in a series of 6 in vivo trials in Zambia, an average of only 2.5 febrile patients had to be screened for each subject enrolled, and the duration of the enrollment period was usually 4-5 weeks. 6 In areas with unstable transmission, malaria incidence data from previous years may not always be the best indicator of the suitability of a site for a drug efficacy trial. On the North Coast of Peru, 618 cases of P. falciparum were reported from 1 health center between March and July 1999, in contrast to just 98 cases during the same period in 2000 and 56 in 2001. Transmission seasons in the Americas also tend to be short, with peak transmission lasting only 3-4 months, and the beginning of the transmission season may vary considerably from year to year. In the Department of Loreto, which makes up most of the Peruvian Amazon region, P. vivax incidence data from 1998 would have suggested that the best time to initiate an in vivo trial the following year would be the month of February when, in fact, the number of cases in 1999 did not begin to increase until April (Figure 1) . The same was true of the incidence of P. falciparum infections, but the differences were not so striking (data not shown).
The widely scattered and highly mobile population in the Amazon region complicate subject enrollment and follow-up. The study team may decide it would be better not to enroll patients from distant villages because of the time and effort it would take to trace them to their homes. Patients who come to a hospital or health center for initial diagnosis and treatment may be unwilling to return for follow-up visits when they begin to feel better.
Because of these logistic difficulties, site selection is crucial to the success of in vivo drug efficacy trials in the Americas. Before the trial begins, an investigator should review the monthly incidence of reported malaria from each hospital or health center being considered for the trial, to ensure that (1) there are sufficient numbers of infected patients to meet the sample size requirements, (2) the malaria cases reported from a health facility are patients who have come in person to that health facility from a reasonably circumscribed area (i.e., <30-45 minutes by road or river), and (3) the patients are permanent or semipermanent residents and will remain in the area for the duration of their follow-up. In addition, the adequacy of the clinical and laboratory infrastructure should be assessed. The time it takes to assess these issues before a trial begins saves considerable effort over the course of the study.
The approach to sample size calculation for in vivo drug efficacy trials should depend on the objectives of the trial. Although the lot quality assurance sampling technique is an attractive way to conserve resources while exposing fewer patients to a potentially ineffective drug, its use is most appropriate when evaluating drugs that are thought to have reduced efficacy. In the case of many of the trials we have conducted in the Americas, the drugs being evaluated were expected to be highly efficacious, and a sample size determination by the lot quality assurance sampling approach would have provided a much less exact estimate of drug efficacy rates than traditional methods for sample size determination.
The WHO/PAHO guidelines for in vivo drug efficacy trials stress the importance of enrolling a representative sample of subjects from the area being studied. 1, 8 In the Americas, obtaining this sample may be difficult because the usually low levels of transmission and the scattered population in certain areas, such as the Amazon region, can limit severely the number of potential study sites and subjects. Along the 3 major rivers joining the Amazon near the city of Iquitos in Peru, only 1 village out of 103 has a population >1,000. In such cases, investigators may have to weigh the value of obtaining limited but less than ideally representative data on drug efficacy from an area against the total absence of information from that area if no study is conducted.
In areas with low levels of malaria transmission, expanding the enrollment criteria to include patients with lower and higher parasite densities than those recommended in the PAHO guidelines (500-5,000 parasites/l) would increase the number of potential subjects. Concerns have been raised about enrolling subjects with densities <500-1,000 parasites/ l because of uncertainties about the quality of microscopic diagnosis and the ability of microscopists to distinguish reliably between rising and falling counts at low parasite densities. Table 3 shows the parasite densities of patients with P. vivax and P. falciparum infections who attended health cen- ters where we were working during 4 of our in vivo trials. A significant proportion of the infected patients attending these health facilities had parasite densities <500/l, and this varied considerably from site to site. Such patients would not be eligible for enrollment according to the existing PAHO guidelines. This is more of an issue with P. falciparum than with P. vivax in Peru because P. falciparum makes up only 25% of all infections, and losing even a few potential patients could prolong enrollment by Ն1 week. Because all blood smears in our studies are examined independently by 2 microscopists, one of whom is highly experienced, we feel confident of the species and parasite density results and believe that the lower limit of parasite density could be set at 250 parasites/l, at least for P. falciparum.
With regard to the higher end of the parasite density range, restricting enrollment to patients with parasite densities <5,000/l reduces the number of potential subjects by more than a third. Although P. falciparum transmission levels are much lower in the Americas than in Africa and patients have less immunity and tolerance to high-density parasitemia, a physician is on site throughout the enrollment and follow-up of each study and is instructed to exclude any patient with signs or symptoms of severe malaria regardless of his or her parasite density. The drugs being tested are not experimental drugs but, in most cases, the same ones that the Ministry of Health already is using or hopes to recommend in the future. Using this approach, we have not encountered problems enrolling patients with parasite densities Յ50,000/l. Because of the low numbers of patients who may meet enrollment criteria, we occasionally have had to go to considerable lengths to identify subjects, and this may affect the representativeness of the study population. In 1 study, when it became apparent that many febrile patients already had received antimalarial drugs from a village health worker before coming in to the health center for diagnosis and, as a consequence, had low parasite densities, active case detection was conducted in nearby communities. Any parasitemic individual who was detected was invited to participate in the study. If the individuals agreed, enrollment procedures were carried out in their village. In the same study, when patients came in to the health center for diagnosis and treatment too late in the day to return to their homes that afternoon, we paid for lodging and meals overnight.
According to the WHO/PAHO guidelines, interpretation of study results may be jeopardized if >10% of subjects are lost to follow-up. 1, 8 Although this percentage is appropriate for studies in areas with high levels of transmission, where adequate numbers of subjects can be identified from a rela-tively small catchment area and with a follow-up period limited to 14 days, we do not believe that it is realistic in the Amazon Basin or for trials with a 28-day follow-up. Table 4 shows the loss-to-follow-up rates for patients enrolled in the trials conducted in Peru between 1998 and 2001. Despite all of our efforts to reduce loss to follow-up to a minimum, including routinely reimbursing all transportation expenses for subjects who returned on their own, tracing subjects to their homes who failed to return, and providing small gifts (e.g., a kilo of sugar or rice) to subjects who did return on days 14 and 28, our lost-to-follow-up rates for trials in the Amazon region were routinely >10%. Occasionally, we have gone to even greater lengths to obtain follow-up, as in the case of 2 subjects enrolled in trials on the North Coast of Peru, for whom arrangements were made for them to be seen by Ministry of Health physicians in the capital, >1,000 km away, when they left the study area before follow-up was complete. Based on our experiences, we believe that a 15% loss-to-follow-up rate would be more realistic for 28-day trials and for trials in sparsely populated areas, such as the Amazon Basin. Although failure to return for follow-up visits could influence the trial's results, the primary purpose of these studies is to determine if a drug is efficacious or not, depending on a Ministry of Health's definition of acceptable efficacy. Reducing dropout rates to <15% or even 10% might increase one's confidence in the results of a trial, but it would be unlikely to change the overall results of the trial or the decision to change or continue with the existing treatment policy.
We also have encountered difficulties in obtaining followup examinations and blood smears on exactly the days specified by the WHO/PAHO guidelines. In general, follow-up was easier at the sites on the north coast because patients tended to live closer to health centers. In these trials Ն99% of patients were seen on day 7 for their scheduled day 7 followup visit, and this close adherence to the study schedule changed little through day 28. In contrast, although the methods we used to ensure follow-up in the Amazon Basin were identical, 98% of subjects returned on day 7 for their scheduled day 7 follow-up visit, and this percentage decreased to 92% by day 28. Although a strict interpretation of the WHO/ PAHO guidelines would suggest that subjects who did not return exactly on the day of their scheduled visit should be excluded from analysis, the difficulties we have encountered in obtaining follow-up visits have caused us to become more flexible in our approach to data analysis, and we now accept data from day 7 and day 14 ± 1 day (i.e., from day 6, 7, or 8 and from day 13, 14, or 15) and for day 21 and day 28 ± 2 days. On rare occasions, we have encountered situations in which subjects have been dropped from a trial after just 1 or 2 parasites are reported on a follow-up blood smear, then later, when the same blood smear is reexamined by a more experienced microscopist, no parasites are found. To avoid such situations, we believe it would be worthwhile to ask subjects with <5 parasites observed on a follow-up blood smear to return the next day for a repeat smear, before making the decision to treat and drop the patient from the trial or continue follow-up. This assumes that the patient is clinically well and follow-up within 24 hours can be ensured.
Although it has been suggested that local Ministry of Health staff in hospitals or health centers can enroll, treat, and follow up subjects in in vivo drug efficacy trials as part of their routine clinical responsibilities, in our experience this usually does not work well because of the heavy workload of most health care workers at peripheral levels. Instead, we prefer to use staff who are able to work full-time on the study, whether they are from the local health district or contracted especially for the study. The team should be led by a physician and microscopist who are experienced in in vivo trials and be supplemented with a nurse, laboratory staff, and a driver or boatman from the local hospital or health center. If a trial is to be carried out completely by local staff, frequent, direct supervision from the central level is crucial.
Based on our experiences, we believe that a single, standardized protocol for in vivo drug efficacy testing that covers P. falciparum and P. vivax and makes provisions for areas with all levels of transmission would simplify greatly the conduct and interpretation of studies. This generic protocol should detail the minimum data required for an in vivo drug efficacy trial. Individual investigators would be free to collect whatever additional information they choose because adherence to the standardized protocol would ensure that their data could be compared with data of other investigators.
The cost of in vivo drug efficacy trials in the Americas tends to be considerably higher than in Africa, where many more patients can be enrolled over a much shorter period. The average cost per trial conducted in the Amazon region of Peru, assuming 60 patients enrolled, a 13-week enrollment period, and a 14-day follow-up, was $9,668. With a 28-day follow-up, the cost increases to $11,114. With higher levels of transmission and an enrollment period of only 10 weeks, the same 2 trials would cost $8,262 and $9,707. On the north coast of Peru, where the population is not so widely dispersed and follow-up is easier, each trial would cost a few hundred dollars less. These costs include salaries for a physician and a microscopist for the duration of the trial but do not include the cost of the study medication.
One way to reduce the overall cost of such trials is to con-duct 2 trials simultaneously. On several occasions, we have taken advantage of P. falciparum trials in which enrollment was expected to be slow to carry out a P. vivax trial at the same time. A similar approach could be taken with other types of studies, such as an evaluation of the sensitivity and specificity of a rapid diagnostic test for malaria, in which the patient population for both studies is similar enough to permit the 2 studies to be carried out simultaneously and with the same staff.
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